for 30 sec, annealing at 55°C for 30 sec and extending at 72°C for 2.5 min. Only DNA from the appropriate recombinant ES clones resulted in a 2.36 kb PCR fragment. The third loxP site located before exon 2 was also verified by PCR with two sets of primers (SDL1 and SDL2, SDL1: 5'-GGCTGTAATACTGGTGAC AAACGTG, SDL2: 5'-CCATCATGTTGACGGTGGACAGCTC, and SDL1/UN1, UNI: 5'-AGCGCATCGCCTTCTATCGCCTTC). After the initial PCR screens, the recombination of the long and short homologous arms were further confirmed by Southern blotting. For the long arm, ES cell genomic DNA were digested by NdeI and hybridized with a 596 bp probe targeting the 5' region outside of exon 1. For the short arm, DNA was digested by NcoI and hybridized with a 640 bp probe targeting 3' region after exon 4. DNA from C57BL/6 (B6), 129/SvEv (129), and BA1 (C57BL/6
x 129/SvEv) (Hybrid) mouse strains were used as wild-type controls. The correct EScell recombinant clones were expanded and used to generate chimeric mice that were directly mated with a constitutively expressing Flp recombinase mouse (Tg (ACTFLPe)9205Dym) to remove the FRT-flanked neomycin resistance cassette.
Germline transmission of recombinant ES clones resulted in mice harboring a copy of the Wrb conditional knockout allele that contained loxP sites flanking exons 2-4.
Wrb conditional knockout mice were subsequently mated with two different transgenic Cre-recombinase mouse lines (see below).
Generation of Vglut3-Cre transgenic mice (Cre A
. Mouse mutagenesis and characterization is described in (Jung et al., 2015) . In brief, the coding sequence for
Cre-recombinase (Cre) was inserted in the start codon of the Vglut3/Slc17a8 gene on bacterial artificial chromosome (BAC) RP24-88H21 by homologous recombination in E. coli (Liu et al., 2003 Cre from the Vglut3-Cre transgene was monitored by breeding the offspring of founder animals to Cre-reporter mice, which express EGFP after Cre-mediated excision of a loxP flanked stop-cassette (Nakamura et al., 2006) .
Generation of Vglut3-ires-Cre knock-in mice (Cre B ). The generation of Vglut3-Cre mice was previously described (Lou et al., 2013) (Lou et al., 2013 Distortion product otoacoustic emissions. Distortion product otoacoustic emissions (DPOAEs) were measured and analyzed using custom-written MATLAB (Mathworks) routines, as previously described (Wong et al., 2014) . A custom-made probe containing a MKE 2 microphone (Sennheiser, USA) and an MF1 speaker system (Tucker-Davis Technologies) was used to play two primary tones (frequency ratio f2/f1: 1.2) into the ear canal. The primary tones were intensity-adjusted using a custom-designed mouse ear coupler and a ¼" microphone (Brüel & Kjaer #4939) and sound attenuators (TDT System II). Otoacoustic emissions were measured after playing 5 different frequency combinations with a frequency ratio of 1.2, with f 1 being 10 dB lower than f 2 . Every frequency combination was played for 32 sec and tested from 10 dB to 60 dB in 10 dB steps. The microphone signal was digitized using a
TerraTec DMX 6fire USB soundcard.
Scanning electron microscopy. Cochleae were fixed for 1h at room temperature with 2.5% glutaraldehyde (Electron Microscopy Sciences) in 0.1M sodium cacodylate buffer (pH 7.4), supplemented with 2 mM CaCl 2 , and then kept in distilled water until microdissection was carried out. Specimens were then dehydrated in graded ethanol solutions, critical-point dried from liquid CO 2 (Tousimis Autosamdri-815), mounted on aluminum SEM-mount stubs using carbon adhesive tabs (Ted Pella), sputter-coated with 5 nm platinum (Cressington 208HR) and examined using Hitachi S-4800 fieldemission SEM, as previously described (Indzhykulian et al., 2013) .
Electron tomography. The electron tomography from Wrb fl/fl :Cre A IHCs was essentially performed as described previously (Jung et al., 2015; Vogl et al., 2015; Wong et al., 2014) . Briefly, 250 nm sections were placed on formvar-coated coppermesh-grids. After post-staining (as described in Materials and Methods), 10 nm gold particles (British Bio Cell International) were applied to both sides of the grids. A single axis tilt series was acquired using a JEM 2100 transmission electron 5 microscope (JEOL, Echingen, Germany) at 200 kV from -55° to +55° with 1° increment at 12,000x using the Serial-EM software package (Mastronarde, 2008) .
The tomograms were generated using the IMOD package etomo (Kremer et al., 1996) . The tomogram was segmented and rendered semi automatically using 3dmod. Hair bundles were deflected using a stiff glass probe, fire-polished to a fit the shape of the stereocilia bundle (~5-9 µm, depending on the cell type). The probe was mounted on a piezo actuator (PA 8/14 SG, Piezosystem Jena), built-in strain gauge sensor of which provided a direct reading of the probe's axial displacement. The piezo was driven by a custom-made amplifier, providing a rapid step deflection within ~40µs (10-90% of the amplitude) for the maximum amplitude used in the study. The angle between the axis of the probe movement and the bottom surface of a dish was kept constant at ~30 degrees.
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Protein purification and in vitro post-translational membrane insertion
For pQET328-10hisZZ-OTOFop, the coding sequence of otoferlin (amino acids 1733-1997) was amplified from pEGFP-Otoferlin using the primers 
Appendix Table Legends
Appendix Analysis of cell shape in pachanga mice, which carry a point mutation in Otof.
Analysis was performed as in Fig. S7 on immunohistochemical samples, prepared, imaged and published in (Pangrsic et al., 2010) .
Appendix Table S3 
